SUMMARY To investigate the inter-rater reliability and validity of the Neurobehavioural Rating Scale at various stages of recovery after hospitalisation for closed head injury, we studied 101 head trauma patients who had no antecedent neuropsychiatric disorder. The results demonstrated satisfactory inter-rater reliability and showed that the Neurobehavioural Rating Scale reflects both the severity and chronicity of closed head injury. A principal components analysis revealed four factors which were differentially related to severity of head injury and the presence of a frontal lobe mass lesion. 
injury. 18 -20 Administration of structured interviews and rating scales to relatives has elucidated the diversity of behavioural sequelae exhibited by head injured patients in various situations and the psychiatric repercussions imposed on family members.9 16 21 However, ratings by the clinicianinvestigator and self-reports by the patient can also be informative in assessing psychosocial outcome of closed head injury.
Self-administered personality tests such as the Minnesota Multiphasic Personality Inventory (MMPI)22 have disclosed a positive relationship between residual psychopathology and cognitive deficit after head injury and have characterised changes in emotional disturbance over time since injury.1 023 24 Self-administered procedures are primarily useful to evaluate long term outcome of closed head injury rather than during the early posttraumatic period when severely injured patients are frequently unable to complete lengthy questionnaires because of confusion, attentional deficit, restlessness and agitation. Secondly, chronic patients who have sustained severe closed head injury may underestimate their behavioural problems, a bias which can compromise the accuracy of self-report data. 13 (1) data bearing on the inter-rater reliability of the NRS; (2) the results of factor analysis of NRS scores which disclosed the major, nonredundant dimensions common to most of the items comprising the Scale; (3) the effects of severity and chronicity of head injury on NRS scores.
Patients and methods

Patients
To investigate the inter-rater reliability and validity of the NRS at various stages of recovery after hospitalisation for closed head injury representing a wide range of severity, we studied 101 patients (age range 16 rioration to a GCS score < 13, and normal findings on CT and neurological examinations), we employed a cut-off injury-test interval of at least one month for the subacute vs chronic distinction. For moderate head injury, that is, GCS score on admission of 9-12 with no further deterioration (or 13-15 in a patient with an intracranial mass lesion) and severe closed head injury (that is, GCS score < 8 on admission) we used the first examination within 3 months of injury as a subacute assessment with the exception of patients who emerged from a prolonged period of impaired consciousness and were first testable more than 3 months after injury. Follow-up data to assess long term outcome were obtained at least 6 months after moderate or severe closed head injury.
The subacute head injured patients (n = 63) included 48 consecutive admissions (who satisfied the aforementioned criteria) to the Neurosurgery service at The University of Texas Medical Branch, Galveston, whom we examined at bedside as soon as they were capable ofcooperating with the interviewer, irrespective of whether they were in PTA, which we assessed by administering a.brief questionnaire of orientation to time, place and person and memory for events related to the injury and hospitalisation. 29 The remaining 15 subacute closed head injury patients were examined while they were hospitalised on the Rehabilitation service, Medical Center Del Oro, Houston, Texas. Patients whom we examined during the chronic stage of recovery included 19 patients who returned to the Division of Neurosurgery for ongoing follow-up studies, 18 cases enrolled in a residential cognitive and psychosocial rehabilitation programme at the Transitional Learning Community in Galveston and a single patient at the Medical Center Del Oro, Houston. In view of the referral pattern to the residential programme in Galveston of patients with persisting disability secondary to cognitive and/or psychosocial problems long after severe head injury, we treated their data separately from other severely injured patients (table 1) .
As shown in table 1, the proportions of patients studied during the subacute vs chronic stages of recovery were comparable for mild and severe (consecutive) injuries, whereas the preponderance of moderate injuries were evaluated within 3 months of injury. In addition, we analysed the effect of chronicity of closed head injury in a group of patients whom we studied during both subacute and follow-up stages of recovery.
Serial GCS scores were recorded prospectively in the patients studied on the Neurosurgery service and at the Medical Center Del Oro. Hospital records were obtained for the patients enrolled in the Transitional Learning Community. We defined the duration of impaired consciousness as the interval from the time of injury until the patient consistently obeyed commands. Computed tomographic (CT) and surgical findings were used to classify the patients as "focal", that is, hemispheric mass lesion (left, right or bilateral) apart from a punctate haemorrhage or diffuse brain injury (that is, normal CT findings, isolated punctate lesion or abnormality confined to evidence of cerebral swelling) while recognising that diffuse effects are commonly associated with focal haematomas or contusions. Methods Neurobehavioural Rating Scale. (NRS) The 27 scales comprising the NRS are depicted in the Appendix. To obtain uniform data on which to base behavioural ratings, we employed a brief structured interview (Appendix) which included a brief test of orientation and memory for recent events,29 a review of postconcussional symptoms and emotional state, questions pertaining to proverbs, focused attention and information processing (serial 7s), attitude towards hospital staff (that is, irritability, hostility, misinterpretation of actions by others, suspiciousness), capacity for self-insight and long-range planning and delayed recall of three objects which were presented at the beginning of interview. Observations during the examination which were pertinent to the patient's alertness, distractibility, intrusion of irrelevant material, coherence of conversation, physical signs and verbalisation of anxiety, visible signs of tension, disinhibitory behaviour or agitation, disturbance of mood, motor behaviour and expressive/receptive language functioning were recorded and considered in the NRS ratings. Ratings of fatiguability and motivation reflected the patient's stamina and apparent effort on the mental status tasks (for example, serial 7s) independent of the level of performance.
Pilot data on the NRS were collected to identify ambiguities in terminology of the items and differences in interpretation by various examiners. Discussion of disparities in ratings after interviewing pilot patients led to revisions of the test items and development of a guide for interviewers before undertaking the present study.
Of the 101 patients included in this study, 77 were examined concurrently and evaluated by pairs of interviewers who first discussed their observations to verify that they recorded the same data before independently assigning NRS ratings. In the present study, 43 of the closed head injury patients were concurrently examined by one pair of interviewers (KG and RS), a clinical neuropsychologist and neurological nurse, respectively, and a second pair of interviewers (KG and WH, a research associate in neuropsychology) collected data on 34 head injured patients (KG was one of the interviewers in all 77 cases).
Results
Inter-rater reliability We assessed the inter-rater reliability for The neurobehavioural rating scale: assessment of the behavioural sequelae of head injury by the clinician 187 The five variables plotted in part c right of the figure were found in the principal components analysis to load on two factors (for example, Inattention) or were rarely rated as present (for example, Guilt). Of these isolated NRS variables, analysis of variance disclosed that the effect of severity of injury approached significance for Motivation, F(3,97) = 2-43, p < 0 07. We added a scale to rate Articulation Disturbance (please see Appendix) apart from Expressive Language defect midway during the data collection because of the presence of dysarthria which detracted from the intelligibility of communication in severely injured patients whose Expressive Language was intact. Consequently, we obtained ratings of Articulation Disturbance in only 53 of the closed head injury patients (24 severe-consecutive, 8 severe closed head injury patients enrolled in residential rehabilitation, 8 moderate injuries and 13 mild cases). Consistent with our findings that Articulation Disturbance was confined to severely injured patients, a one-way analysis of variance yielded an effect of severity which approached significance, F(3,49) = 2-55, p < 0 07. Pairwise contrasts disclosed that the patients in the residential rehabilitation programme had worse articulation than patients with mild (p < 0-02) or moderate (p < 0-04) injuries. 
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Items not loading on one factor cation was 11-7 years (SD = 1 9). Consistent with the total series, motor vehicle accidents accounted for most of these injuries. The 20 serially studied patients included two cases of mild head trauma, nine patients who sustained moderate closed head injury and nine with severe head injury. Table 4 summarises the factor scores of these patients at baseline and follow-up. A repeated measures MANOVA revealed significant overall resolution of behavioural disturbance as reflected by a reduction in the total scores by the time of follow-up, F(l,19) = 21-4, p < 0-0002 which was also confirmed on Factors I and II and approached significance on Factor IV.
Effects offrontal lobe injury
To investigate the role of frontal lobe involvement in neurobehavioural sequelae of closed head injury, we formed a subgroup of 26 patients (16 subacute and 10 chronic cases) in whom CT and/or surgical findings disclosed a contusion or haematoma situated entirely or primarily in the frontal lobe(s). We selected cases from the remainder of the series to form a non-frontal comparison group (16 subacute, 10 chronic patients) in whom CT and/or surgical findings showed no evidence of a frontal lobe lesion. This non-frontal comparison group consisted of 17 patients with diffuse injury and nine cases with temporal and/or parietal lesions. We recognise that this localisation of focal lesion is flawed by the presence of occult lesions of the cerebral white matter which may have been undetected by CT33 and a varying degree of concomitant diffuse brain injury. Consequently, the distinction between the two subgroups may rest primarily on the extent of frontal lobe injury. In view of the importance of matching the two subgroups with respect to demographic variables, there was an insufficient number of non-frontal patients with contusions or haematomas available for comparison. Consequently, most of the non-frontal comparison group had diffuse injuries with the exception of the cases with temporal and/or parietal lesions.
As summarised in table 5, the frontal and nonfrontal subgroups were comparable with respect to age, education, initial GCS score recorded on hospital admission and the duration of impaired consciousness, that is, the interval during which the patient was unable to obey commands.
We compared the NRS scores of the frontal and non-frontal subgroups by performing a one-way analysis of variance on the factor scores. As summarised in table 5, the trends for higher (that is, more abnormal) scores in the non-frontal group on the Cognitive-Energy and Somatic-Anxiety factors were not significant nor was the pattern of more impaired Metacognition (Factor II) in the subgroup of patients with frontal lobe injury. However, the Factor I-Factor II difference score was greater in the nonfrontal group as compared to patients with frontal lobe lesions ( Effects ofdemographicfeatures on NRS scores
We explored the presence of differences in NRS scores related to age and sex. As suggested by the variation in age across the four groups of closed head injury patients (table 1) , there was a modest, albeit significant negative correlation (Pearson correlation coefficient = -0-18, p < 0-04) between severity of injury (that is, duration of impaired consciousness) and age. Consequently, we performed partial correlations between age and the NRS variables to adjust for this index of injury severity. Most of the partial correlation coefficients showed no relationship between age and residual behavioural disturbance. However, significant correlations were obtained for Somatic Concern (r = 0-26, p < 0 006) and Tension (r = -0-26, p = 0006).
To assess the presence of a gender effect on neurobehavioural sequelae, we first verified that there was no difference in severity of injury, interval since injury, age or education between the men and women. A MANOVA on the NRS variables disclosed an overall effect of sex which approached significance. Wilks lambda = 0-641, approximate F(26,74) = 1-59, p < 0 07. Univariate contrasts indicated that women exhibited more severe depression (mean = 2-4, SD = 1-1) than men (mean = 1 5, SD = 0-9), approximate F(26,74) = 13-77, p < 0-001. Other differences in NRS scores between men and women were relatively small and of only marginal significance.
Discussion
Recent investigations have elucidated the psychosocial outcome of nonmissile head injury primarily by interviewing relatives and obtaining their ratings of the patient on various scales of adaptive behaviour.9-16 These studies have confirmed that behavioural disturbance frequently persists after severe closed head injury and is especially stressful for the patient's family.9'13 Self-administered tests such as the MMPI have also documented residual emotional disturbance after head injury and its relationship to cognitive impairment.24 However, head injured patients are frequently unable to complete selfadministered questionnaires during the early stages of recovery and their diminished insight can compromise the validity of these tests given at later stages of outcome. While reports by relatives contribute immensely to characterising the long-term psychosocial effects of head injury, a scale such as the NRS could also aid clinicians in monitoring behavioural changes during the initial hospitalisation, inpatient and outpatient rehabilitation.
Our findings support the overall inter-rater reliability of the NRS, indicating that it is comparable to that of the BPRS in head injured patients.1 The present study also supports the validity of the NRS, at least with respect to the effects of severity and chronicity of brain injury. Of the four factors derived from the NRS variables, Metacognition, that is, the 190 The neurobehavioural rating scale: assessment of the behavioural sequelae of head injury by the clinician 191 capacity for self-evaluation of abilities, monitoring and regulating impulses and formulating realistic plans, was particularly related to severity of injury. Notwithstanding the differences in chronicity and selectivity between the consecutive severe closed head injury patients and the severely injured cases attending the residential rehabilitation programme, their profiles of neurobehavioural disturbance were remarkably similar. Both groups of severe head injuries exhibited conceptual disorganisation, disinhibition, diminished self-insight and poor planning. Expressive language defects characterised primarily by word finding difficulty and anomia were also present to a mild degree in both groups.
Of the NRS variables which were related to severity of acute injury, only conceptual disorganisation was derived from the original BPRS. Our data corroborate the results obtained with the BPRS' indicating that conceptual disorganisation is a prominent feature of severe closed head injury. However, other variables derived from the BPRS (for example, motor retardation, blunted affect) which Levin and Grossman found to be sensitive to severity of injury were not confirmed in the present study.
Constraints on the administration of the NRS to patients during the early stages of recovery include a reduced behavioural repertoire imposed by physical limitations (for example, assessment of motor retardation in a bedridden patient) and the hospital environment. When examined later in the course of recovery, a wider range of behavioural manifestations may be displayed because of greater mobility, more opportunities for social interaction and reaction to frustrations involved in rehabilitation and reintegration in the family and community.
Our severe closed head injury patients were generally studied at least 6 months after injury. In comparison with follow-up data obtained in cases of minor head injury, the severely injured group exhibited more impressive conceptual disorganisation, inaccurate self-insight, decreased initiative/motivation and poor planning. These findings, which were based on a structured interview and mental status examination, reflect residual difficulty in the interpretation of proverbs, perseveration, difficulty in filtering tangential material and failure to appreciate the cognitive defects resulting from the injury. Further, patients sustaining severe head injury demonstrated unrealistic planning (for example, reflected by boastfulness) when asked about their goals following discharge from the hospital or rehabilitation programme.
The prominent neurobehavioural sequelae of severe closed head injury in the present study are reminiscent of the prevailing concept of a "frontal lobe syndrome".30-32 Although CT scanning disclosed focal frontal lobe lesions in one-fourth of our series, recent studies suggest that magnetic resonance imagihg (MRI) can visualise injury and degenerative changes in this region which are otherwise undetected.33 Allowing for the technical limitations in attempting to differentiate our patients according to localisation of focal hemispheric lesion, our results offer preliminary support for a disproportionate impairment of metacognition in patients sustaining frontal lobe injury. Patients with diffuse closed head injury or extrafrontal lesions tended to exhibit more cognitive problems and diminished energy despite relatively intact capacity for self-monitoring and evaluation of cognitive processes. To analyse further the effects of frontal lobe injury on the neurobehavioural sequelae of closed head injury, lesion size, initial GCS score, duration of impaired consciousness and PTA should be controlled in addition to relevant subject variables (age, sex, education) for comparison with groups of patients with temporal or parietal lobe lesions. Apart from focal frontal lobe lesions, shearing, tearing and stretching of axons immediately on impact3435 could disrupt connections between the prefrontal region and both the limbic system and other areas of association cortex30 which are essential to complex integration of information for problemsolving and "executive" functions such as planning and initiation of activities as well as modulation of emotion.
Caution is advised before applying the NRS in other clinical or research settings. First, preliminary training of interviewers through concurrent assessment of pilot patients and discussion of disagreements with respect to behavioural observations and interpretation of the NRS variables are essential to developing a common frame of reference and satisfactory inter-rater reliability. Although we administered a specific structured interview to all patients studied, we surmise that comparable reliability could be achieved through other interview protocols and by integration of interview data with observations of patients during various therapies associated with rehabilitation. We suggest that a profile of qualitative behavioural manifestations is an important asset of the NRS, particularly with respect to features (for example, planning, self-appraisal) which frequently elude conventional psychometric tests but nevertheless contribute to adaptation in psychosocial and vocational functioning.
Our finding that patients sustaining minor head injury tend to complain of somatic symptoms (for example, dizziness, headaches) to a greater degree than severely injured patients is in accord with other recent evidence'5 that some sequelae can be interpreted as "intolerances" rather than as indications of disability because they are unrelated to severity of injury or to functional outcome. Although the followup interval was longer in our severe closed head injury groups than in the mild head injuries, we postulate that their lack of somatic complaints (for example, note in the figure the low somatic concern expressed by severely injured patients enrolled in rehabilitation) 
